Purpose: The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are inflammatory indexes that may reflect immune response to tumors and prognosis. We investigated the prognostic values of pre-treatment and post-treatment NLR and PLR and changes in those ratios in patients with small hepatocellular carcinoma (sHCC) treated with stereotactic body radiation therapy (SBRT). Patients and methods: Sixty patients who received SBRT were retrospectively reviewed. NLR and PLR were calculated by division of neutrophil and platelet counts, respectively, by lymphocyte counts. Independent factors for progression-free survival (PFS) and overall survival (OS) were determined by the Kaplan-Meier method, log-rank test, and Cox multivariate regression. Hazard ratios (HRs) and 95% confidence intervals (CIs) were also calculated. Results: The median follow-up was 36.9 (range: 4.1-73.5) months. Median PFS was 21.4 (range: 1.8-66.9) months. The 1-year and 2-year PFS rates were 76.7% and 55.0%, respectively. The 1-year and 2-year OS rates were 95.0% and 78.3%, respectively. In multivariate analysis, post-treatment PLR ≥263.0 indicated both poor PFS (HR: 3.70; 95% CI: 1.07-12.76, p=0.038) and OS (HR: 3.23; 95% CI: 1.01-9.11, p=0.043) for sHCC patients treated with SBRT. In addition, the presence of hepatitis infection and a low level of red blood cell count were also proved to be significantly associated with patients' poor prognosis (p<0.05 for each). Post-treatment increase in NLR ≥2.7-fold was shown to be a negative independent predictor of inferior OS (HR: 3.43; 95% CI: 1.14-10.38, p=0.029). Conclusion: High post-treatment PLR and change in NLR ≥2.7-fold were associated with poor prognosis in patients treated with SBRT and might be considered as reliable and independent prognostic biomarkers for patients with sHCC.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies, and its incidence is increasing worldwide. 1, 2 As diagnostic imaging and screening programs for HCC have progressed, small tumors are now more likely to be detected with high accuracy. Surgical intervention including resection and liver transplant is the first-line therapy for small HCC (sHCC). 3, 4 Some patients with sHCC are not candidates for surgery at the time of diagnosis because they refuse surgery, their tumor is in a high-risk location, they are of advanced age, or they have other comorbid diseases. 5 Those patients can be managed with locoregional treatments 3 including radiofrequency ablation (RFA), percutaneous ethanol injection (PEI), and radiation therapy (RT). Among the alternative approaches, stereotactic body radiation therapy (SBRT) has emerged as a non-invasive and radical therapeutic option for patients with sHCC who were not candidates for surgery. There is broad consensus among experts that SBRT offers substantial local control, improved overall survival (OS), and low toxicity. 6 However, there have been few studies of prognostic factors in patients with sHCC that undergo SBRT, and the mechanism of tumor cell death after SBRT is not completely elucidated. Emerging evidence showed that systematic inflammation and host immune status are key determinants of disease progression in various malignancies, 7, 8 which has led to much interest in the relationship between patients' prognosis and inflammatory hematologic markers. Among the inflammatory indexes, an elevated neutrophil-to-lymphocyte ratio (NLR) or platelet-to-lymphocyte ratio (PLR) has consistently exhibited a strong association with poor outcomes among patients with liver cancer who receive multi-modality therapies including transarterial chemoembolization (TACE), 9 targeted therapy, 10 RFA, 11, 12 surgical resection, 13, 14 and selective internal radiation therapy (SIRT). 15 However, the association between inflammation-based biomarkers and oncologic outcomes in patients with sHCC who undergo SBRT is unclear. It is well known that patients receiving RT may experience a marked decline or even depletion of circulating lymphocytes, 16, 17 and a decreased lymphocyte count can be connected to a weaker anti-tumor immune response and an inferior prognosis. [18] [19] [20] It is therefore of great clinical significance to investigate the predictive roles of the NLR and PLR both before and after SBRT in patients with sHCC. This study is the first to explore the prognostic value and determine the optimal cutoff values of the pretreatment NLR and PLR (pre-NLR and pre-PLR), the post-treatment NLR and PLR (post-NLR and post-PLR), and changes in NLR and PLR in patients with sHCC that receive SBRT.
Patients and Methods

Patient Selection
This research was approved by the Institutional Review Board of the Ethics Committee at our institution and performed in accordance with the principles of the Declaration of Helsinki. Patients diagnosed with HCC in our hospital from November 2012 to February 2017 who were not suitable for surgery received SBRT. Small HCC in our study is defined as a solitary tumor ≤5cm in maximum diameter or as multiple nodules (≤3 total) measuring ≤3 cm in maximum diameter, without vascular invasion/ extra-hepatic metastasis and with Child-Pugh A or B hepatic function. The inclusion criteria for our study were as follows: 1) sHCC confirmed by histologic or imaging criteria based on the National Comprehensive Cancer Network guidelines for hepatobiliary cancers, 2) age >18 years, 3) Child-Pugh class A or B disease within 1 month before SBRT, 4) laboratory tests taken within 1 month before and 1 month after SBRT, and 5) one or more radiological evaluations before and after SBRT. Patients with any of the following conditions were excluded from the study: 1) previous history of highfrequency thermal therapy, 2) distant metastasis, 3) double primary malignancy, or 4) no follow-up or follow-up lasting less than 6 months after the completion of SBRT.
We retrospectively collected clinical and laboratory information including lymphocyte count (LC), platelet count (PC), neutrophil count (NC), red blood cell (RBC) count, tumor characteristics, and host factors. NLR and PLR were calculated by dividing the NC and PC, respectively, by the LC. Changes in those ratios were determined by dividing the post-treatment values by the pre-treatment values.
SBRT
All enrolled patients were trained to maintain a slow breathing with respiratory exercise before the implementation of SBRT. The Body Pro-Lok system was used for abdominal compression to reduce the amplitude of liver motion. Patients underwent a contrast-enhanced computed tomography (CT) simulation while immobilized by a customized vacuum body mold in the supine position. The gross tumor volume (GTV) included all tumors detected via dynamic CT. For tumors that were not well visualized by CT scan, a pre-treatment magnetic resonance imaging (MRI) study was registered to the planning CT. Four-dimensional CT simulations were used to generate an internal target volume (ITV). The planning target volume (PTV) was defined as the ITV plus a radial margin of 3 mm. SBRT was planned using the TomoTherapy Planning System (Accuray Inc., Madison, WI). A radiotherapy dose was prescribed to the isodose surface covering 95% of the PTV. Patients received 5-10 fractions, delivered five times per week with a median dose of 48 Gray (gy) and a range of 48 gy to 60 gy. 
Statistics and Analysis
Descriptive statistics were summarized as the mean ± standard deviation or the median and interquartile range, depending on whether the data were distributed normally according to the Kolmogorov-Smirnov test. Comparisons between quantitative variables were estimated using the two-sides t-test or the Mann-Whitney test, as appropriate. The primary endpoint was PFS, and the secondary endpoint was OS. Cumulative survival was calculated using the Kaplan-Meier method, and optimal cutoff values of continuous variables for patients' prognosis were determined with the maximally selected log-rank test. 21 Univariate and multivariate analyses were performed using the Cox regression model with hazards ratios (HRs) and 95% confidence intervals (95% CIs). The multivariate analysis was performed using the statistically significant factors identified by univariate analysis. Data were analyzed using SPSS Statistics 23.0 (IBM Corp., Armonk, NY, USA).
Results
Eligible Patients
From November 2012 to February 2017, 64 patients with sHCC underwent SBRT in our hospital. Three of those patients were excluded from our study because of follow-up duration of less than 6 months. Another patient was excluded because of distant metastasis before SBRT. Thus, a total of 60 patients with sHCC were included in the study. The baseline characteristics of the patients are listed in Table 1 . Forty-four (73.3%) of the patients had chronic viral hepatitis, whereas the other 16 patients had no hepatitis. Forty-five patients (75.0%) had been treated previously with surgery, TACE, PEI, or RFA at least 6 weeks prior to SBRT. All of the patients had Child-Pugh grade A disease within 1 month before SBRT, and no patients demonstrated radiation-induced liver injury after SBRT. Complete blood counts were available for 50 patients both before (median 7 days prior to) and after (median 10 days since) SBRT.
Patient Outcomes and Treatment-Related Toxicity
The median follow-up duration was 36.9 (range: 4.1-73.5) months. The 1-year and 2-year local control rates after SBRT were 95.1% and 90.0%, respectively. At the time of our analysis, 42 patients (70.0%) had developed actual progression, and 21 patients (35.0%) were deceased or lost to follow-up. Overall, the median PFS was 21.4 (range: 1.8-66.9) months, and the 1-year and 2-year PFS rates were 76.7% and 55.0%, respectively. The 1-year and 2-year OS rates were 95.0% and 78.3%, respectively. Three patients exhibited SBRT-related toxicity. Two patients who experienced gastric ulcer or duodenal ulcer were identified as having grade 2 toxicity. One patient was determined to have grade 3 toxicity attributed to gastrointestinal hemorrhage. No patient experienced grade 4 or 5 treatment-related toxicity. Most episodes of toxicity were self-limiting and could be managed on an outpatient basis.
Factors Associated with Patient Outcomes at the Univariate Level
Factors including age; gender; tumor size; GTV; biologically effective dose; presence or absence of chronic hepatitis and previous treatments; pre-treatment RBC count and alpha-fetoprotein (AFP) level; and pre-treatment and posttreatment inflammation-based markers were analyzed at the univariate level. According to the results of the univariate analysis (Table 2) , the presence of chronic hepatitis, tumor size ≥1.5 cm, pre-treatment RBC <4.5×10 12 /l and AFP ≥20.0 ng/mL, post-NLR ≥6.5, post-PLR ≥263.0, and change in NLR ≥2.7-fold were significantly associated with poor PFS (p<0.05 for each). There was no significant association between PFS and change in PLR. The presence of chronic hepatitis, tumor size ≥1.5 cm, pre-treatment RBC <4.5×10 12 /l and AFP ≥20.0 ng/mL, post-NLR ≥6.5, post-PLR ≥263.0, increase in NLR ≥2.7-fold, and increase in PLR ≥2.5-fold were identified as predictors of poor OS (p<0.05 for each). Pre-treatment NLR and PLR exhibited no significant association with patients' PFS and OS (p>0.05 for each).
Independent Variables Influencing Patient Outcomes
After adjustment for the covariates, the association of inflammatory factors with PFS and OS was analyzed using the Cox regression model. First, Spearman's analysis showed that NLR and PLR did not correlate with other relevant prognostic factors (p>0.05). Then, multivariate analysis demonstrated that post-PLR ≥263.0 was significantly associated with both inferior PFS (HR: 3.70; 95% CI: 1.07-12.76, p=0.038) and OS (HR: 3.23; 95% CI: 1.-01-9.11, p=0.043), whereas there was no significant relationship between high post-NLR and patients' prognosis (p>0.05; Table 3 ). In addition, the presence of hepatitis infection and a low value of RBC were also proved to be independent adverse factors for patients' outcomes (p<0.05 for each; Table 3 ). As for OS, an increase in NLR ≥2.7-fold was further identified as an independent predictor of worse OS (HR: 3.43; 95% CI: 1.14-10.38, p=0.029; Table 4 ).
In addition, in a comparison between patients with post-NLR <6.5 and those with post-NLR ≥6.5, there was a difference of 6.8 months in median PFS (22.0 months vs 15.2 months, p<0.05; Table 5 
Discussion
The prognosis of patients with HCC can be affected by a diverse set of clinical factors involving tumor biological characteristics, hepatic function, and the host immunology status. Emerging evidence 7, 8, 22 shows that cancer-associated inflammation is significantly associated with clinical outcomes in most malignant tumors. Because NLR and PLR can reflect the systemic inflammation status of the host, the relationship between these two biomarkers and the prognosis of patients with HCC has gained great interest. Recently, a meta-analysis comprising 6318 patients revealed that increased pre-treatment NLR and PLR were predictive of poor OS among patients with HCC, less change in NLR, were independent predictive factors for improved PFS and OS after SBRT in patients with sHCC, whereas the pre-treatment values of those inflammatory indexes showed no significant association with patients' survival. The discrepancies might be due to differences in the composition of the study populations. All of the patients in our study had Child-Pugh class A small HCC. By contrast, most of the patients in D'Emic et al's 15 study has unresectable liver metastases (68.1%), and all of the patients in Son et al's 26 study had locally advanced HCC. Besides, the tumor size of most patients in our study was less than 3cm, which may indicate the low profile of Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; AFP, alpha-fetoprotein; RBC, red blood cell; HR, hazard ratio; CI, confidence interval. Abbreviations: NLR, neutrophil-to-lymphocyte ratio; RBC, red blood cell; AFP, alpha-fetoprotein; HR, hazard ratio; CI, confidence interval.
inflammation that further explain the lack of prognostic value of pre-treatment NLR/PLR. Furthermore, Dan et al 27 showed that the change in NLR after RFA, but not the preoperative NLR value alone, in patients with sHCC was an independent prognostic factor for both OS (HR: 2.39; 95% CI: 1.53-3.72) and relapse-free survival (HR: 1.69; 95% CI: 1.87-8.24), which is consistent with our results. In addition, a research focused on non-small cell lung cancer (NSCLC) receiving chemoradiotherapy also proved that post-treatment and change in inflammatory biomarkers may have more prognostic significance than baseline measurements. 28 It is well known that as the most radiosensitive cells of the hematopoietic system, lymphocytes circulating through the radiation portal are frequently depleted. 17 Patients receiving SBRT may, therefore, experience a marked decrease in peripheral lymphocyte count and even lymphopenia. Lower numbers of circulating lymphocytes after RT were associated with oncogenic immunosuppression and worse survival outcomes in patients with various solid tumors. [18] [19] [20] Therefore, elevated post-SBRT inflammatory markers, which can reflect a decline in lymphocyte numbers, may be indicative of the complex factors contributing to patient survival and the immunologic response of liver tumors. Currently, there is no consensus on the cutoff value of post-treatment PLR and NLR for poor prognosis, and various methods including the receiver operating characteristics curve (ROC) and median values have been used to determine the optimal segregation points. 29, 30 In a retrospective study with a relatively small population, using the median value to determine a cutoff point and to stratify patients into distinct groups might bias the results. The ROC method is a better predictor of tumor response than of patient survival. Therefore, we calculated the cutoff values using a maximally selected log-rank test, which can represent a direct association with survival analysis. 21 We found that post-PLR ≥263.0 was a prognostic factor of inferior PFS and OS in sHCC patients treated with SBRT. Besides, our study also indicated that patients with a relatively small change in inflammatory biomarkers after SBRT (an increase in NLR <2.7-fold) showed favorable OS. The results are in line with previous observations of the predictive role of post-treatment and change in inflammation markers in different malignancies. 15, 28 For example, an elevated post-PLR >290.0 was significantly associated with inferior OS (HR: 3.45; 95% CI: 1.17-10.17; p<0.05) in patients with liver cancer treated with SIRT. 15 The delta in NLR >2.24 after chemoradiotherapy in NSCLC patients had a significantly worse OS and PFS (p<0.05 for each). 28 Together with those findings, our study adds to the growing body of literature supporting post-treatment and change in inflammatory factors as predictors of clinical outcomes in patients treated with SBRT. The molecular mechanisms underlying the relationships between high PLR and large change in NLR with poor prognosis in patients with HCC are not fully understood. What is known is that increased neutrophil levels are associated with the systemic release of chemokines and interleukins (e.g., interleukins 1 and 6) and vascular endothelial growth factor which can promote cancer growth, angiogenesis, invasion, and metastasis in HCC. 31 Moreover, neutrophils in intratumoral regions may increase autophagic activity and sustain the protumorigenic characteristics of HCC. 32 Platelets have the potential to recognize and kill invading pathogens and to release various mediators that modify responses of immune and endothelial cells. 33 HCC patients with a high platelet count may have a high risk of extrahepatic metastasis and immune evasion by tumor cells. 34, 35 As crucial components of the immune surveillance system, functional lymphocytes identify and destroy cancerous cells and mediate anti-tumor responses, which play a vital role in tumor control. 36 The known associations between cancer and neutrophils, platelets, and lymphocytes may partially explain why high PLR and change in NLR are adverse prognostic factors for patients with sHCC that undergo SBRT. However, the results of this study should be carefully interpreted because of the small number of patients and the retrospective design. The population of patients with sHCC that undergo SBRT might be more heterogeneous than our study sample, so there was a potential for selection bias. Another potential limitation of our study is that the blood neutrophil, platelet, and lymphocyte counts might have been influenced by infection, cirrhosis-associated hypersplenia, or medications taken before HCC treatment. Furthermore, the treatments that the patients received prior to SBRT were not uniform; some patients had previously been treated with TACE, RFA, PEI, or surgical resection, which might have biased the results. Beyond those limitations, our study has several strengths. First, previous studies of liver cancers focused primarily on the pre-treatment NLR or PLR. Our study is the first to investigate the value of post-SBRT inflammatory indexes for the evaluation of treatment efficacy and the prediction of survival in patients with sHCC. Additionally, in contrast to pre-treatment indexes, the change in NLR or PLR after SBRT can reflect the dynamic changes in the host inflammatory and immune responses that occur during treatment. Furthermore, the inflammation-based variables are convenient and easy to acquire during routine clinical practice.
Conclusions
Elevated post-treatment PLR as well as a large increase in NLR after SBRT were associated with poor outcomes in patients with sHCC and may be considered as reliable predictors of patients' survival. Further large-scale validation studies will be needed to confirm the effectiveness of these inflammatory markers in patients with sHCC who undergo SBRT.
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